




























 

A 

VLF EM-16 Surveying Report 

On 

Claim 4276606 

  

 

Prepared For 

Argonaut Gold 

 
By 

  Shaun Parent 

Superior Exploration Adventure and Climbing Co. Ltd. 

April 23, 2015 

 



2 
 

Executive Summary: ...................................................................................................................................... 4 

Introduction .................................................................................................................................................. 4 

Personnel ...................................................................................................................................................... 4 

Figure A General Location Map ................................................................................................................ 5 

Work Performed ........................................................................................................................................... 6 

Figure-B ..................................................................................................................................................... 7 

VLF Data Processing ...................................................................................................................................... 7 

Table 1 Example of VLF Field Data Collection .................................................................................... 7 

Figure C ..................................................................................................................................................... 8 

VLF Data Profiles ........................................................................................................................................... 9 

Figure 1:     NAA Line 1W-A:  Raw Data Profile ................................................................................... 10 

Figure 2:     NAA Line 1W-B: Fraser Filter Profile................................................................................. 10 

Figure 3:     NAA Line 3W-A:  Raw Data Profile ................................................................................... 11 

Figure 4:     NAA Line 3W-B:  Fraser Filter Profile ................................................................................ 11 

Figure 5:    NAA Line 5W-A:  Raw Data Profile .................................................................................... 12 

Figure 6:     NAA Line 5W-B:  Fraser Filter Profile ................................................................................ 12 

Figure 7:     NAA Line 7W-A:  Raw Data Profile ................................................................................... 13 

Figure 8:     NAA Line 7W-B:  Fraser Filter Profile ................................................................................ 13 

Figure 9:     NAA Line 9W-A Raw Data Profile ..................................................................................... 14 

Figure 10:   NAA Line 9W-B:  Fraser Filter Profile ............................................................................... 14 

Figure 11:   NAA Line 11W-A:  Raw Data Profile ................................................................................. 15 

Figure 12:   NAA Line 11W-B:  Fraser Filter Profile ............................................................................. 15 

Figure 13:   NAA Line 13W-A:  Raw Data Profile ................................................................................. 16 

Figure 14:   NAA Line 13W-B:  Fraser Filter Profile ............................................................................. 16 

Figure 15:   NAA Line 15W-A:  Raw Data Profile ................................................................................. 17 

Figure 16:   NAA Line 15W-B Fraser Filter Profile ............................................................................... 17 

Discussion of Results ................................................................................................................................... 18 

Table 2 VLF Interpretation Table Line 1W TX NAA .......................................................................... 19 

Table 3 VLF Interpretation Table Line 3W TX NAA .......................................................................... 19 

Table 4 VLF Interpretation Table Line 5W TX NAA .......................................................................... 20 

Table 5 VLF Interpretation Table Line 7W TX NAA .......................................................................... 20 

Table 6 VLF Interpretation Table Line 9W TX NAA .......................................................................... 21 



3 
 

Table 7 VLF Interpretation Table Line 11W TX NAA ........................................................................ 21 

Table 8 VLF Interpretation Table Line 13W TX NAA ........................................................................ 22 

Table 9 VLF Interpretation Table Line 15W TX NML ........................................................................ 22 

Figure 16:  VLF NAA Anomaly Picks......................................................................................................... 23 

Figure D:  NAA In-Phase Fraser Filter Contours ...................................................................................... 24 

Figure E:  NAA Quadrature Fraser Filter Contours .................................................................................. 25 

Figure F:  NAA In-Phase Fraser Filter 3D Image With Anomaly Trends .................................................. 26 

Figure G:  NAA Quadrature Fraser Filter 3D Image With Anomaly Trends ............................................. 27 

Conclusions ................................................................................................................................................. 28 

Recommendations ...................................................................................................................................... 28 

List of References ........................................................................................................................................ 29 

Certificate of Qualifications ........................................................................................................................ 30 

  



4 
 

Executive Summary: 

Unpatented Mining claim 4276606 is located in the mining district of Sault Ste. Marie, Claim 

Map M-1584 in the Township of Finan (Figure-A). 

 

A VLF EM-16 survey program was carried out in April 2015, using a Geonics VLF EM-16 and a 
handheld Garmin GPS-60C.  2 transmitter stations were read during the course of the survey; 
NAA 24.0 KHz – Cutler, Maine and NML 25.2KHz- La Moure, North Dakota. 
 
This report reviews and interprets the results of frequency NAA 24.0 KHz – Cutler, Maine only.    
 
The objective of the 2015 VLF EM-16 survey was to determine if the VLF Survey could delineate 
economic mineralization and or structures on Claim 4276606. The survey was also carried out 
for assessment work.   

Introduction 
A VLF-EM16 survey is a relatively simple and economic geophysical survey that is used to better 

understand shallow, vertical and sub vertical bedrock conductors.  

This report describes the findings and results of the VLF EM-16 survey utilizing the new VLF 

2DMF processing software of which the author of this report has assisted in its development.  

VLF2DMF is a software package that has been developed in order to enable the processing and 

inversion of electromagnetic (EM) induction data acquired at a Very Low Frequency (VLF). 

VLF2DMF is capable of inverting VLF-EM data acquired along a surveyed line at different 

frequencies. Data collected in a survey area can also be processed.  The software produces 

profiles of the Raw Data, Fraser Filtered Data, KH, Resistivity and a (2-D) Modelled Inversion. 

The software also allows for plan maps and slices of Fraser, KH and Inversion models of 

separate VLF survey lines.  

Personnel 
The VLF EM-16 operator and GPS field navigator responsible for the collection of all raw data 

was Shaun Parent who was assisted by field Assistant Brett Sullivan. 

Processing and Interpretation of the VLF data using the VLF2DMF Software was completed by 

Shaun Parent. 
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Figure A General Location Map 
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Work Performed 
 

The VLF EM-16 survey consisted of running 8 VLF Lines in a direction of 00 degrees true azimuth 

across Claim 4276606 (Figure B).  

 

The VLF lines were completed while using a handheld Garmin 60-CSX GPS. Each VLF station was 

located based on a northerly azimuth and distance from the start of the survey line. At each line 

station, 2 transmitter stations were read using the Geonics VLF- Em-16 receiver. The following 

parameters were used throughout the survey. 

 

VLF Transmitters Used:  NAA-24.0 KHz.-Cutler, Maine and NML-25.2 KHz.- La Moure, North 
Dakota. 
 
VLF survey direction - The VLF Em-16 receiver was facing north along all lines 

VLF survey stations - All readings were taken at approximately 20 meter stations along the 

survey line.  

Parameters of Measurement - In-phase and Quad-phase components of vertical magnetic field 

as a percentage of horizontal primary fields.  (Tangent of tilt angle and ellipticity).  VLF 

transmitter NAA was to the east.  The transmitters are chosen so that the direction to the 

transmitting station is as close to the orientation of the bedrock strike. 
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Figure-B 

 

 

VLF Data Processing 

 Field data was collected as follows on each surveyed line. 

 Each station location and elevation was saved onto the Handheld Garmin 60CSX, GPS 

Unit. Figure C is a topographic map of the area surveyed. 

 VLF readings for each station were recorded in a notebook as In-Phase and Quadrature 

corresponding to the line number and station number.  (See example in Table 1) 

Table 1 Example of VLF Field Data Collection 

 Field information was transferred to a Garmin map source program where line and 

station information could be viewed.  

 Garmin and VLF data were compiled onto an excel spreadsheet and then inputted into 

the VLF2DMF processing software.  

 
L1 W 

NAA 
In phase 

NAA 
Quadrature 

NML 
In phase 

NML 
Quadrature 

Notes 

0+00 10 6 4 5 Rusty 

0+20N 8 4 2 4 Outcrop 

0+40N 6 5 0 2  
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Figure C 
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VLF Data Profiles 
 
The data collected was processed using the VLF2DMF software.  Profiles of Raw Data (A) and 
Fraser Filtered Data (B) were produced for each line surveyed and are displayed in Figures 1 
thru 16. 

 
A: VLF Raw Data Profiles for NAA 

Raw data was plotted for each line surveyed.  The raw data profiles are listed as 
figures for each line based on the line number.  Ex: Figure 1: NAA Line 1W-A 

 

B: Fraser Filter Profiles for NAA 
Raw data was run through the Fraser filter. This filter transforms In-Phase cross 
overs and inflections into positive peak anomalies. In-Phase inflections and cross 
overs are usually plus to minus, while Quadrature responses are negative to 
positive, giving a negative peak anomaly when the Fraser Filter is applied. VLF 
anomalies were chosen based on the location of the peaks on the Fraser Filter 
profile. The Fraser filter profiles for each line surveyed are listed as figures based 
on the line number Ex: Figure 2: NAA Line 1W-B 
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Figure 1:     NAA Line 1W-A:  Raw Data Profile 

 

 

Figure 2:     NAA Line 1W-B: Fraser Filter Profile 
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Figure 3:     NAA Line 3W-A:  Raw Data Profile 

 

 

Figure 4:     NAA Line 3W-B:  Fraser Filter Profile 

 

 

   



12 
 

Figure 5:    NAA Line 5W-A:  Raw Data Profile  

 

 

 

Figure 6:     NAA Line 5W-B:  Fraser Filter Profile  
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Figure 7:     NAA Line 7W-A:  Raw Data Profile  

 

 

 

 

Figure 8:     NAA Line 7W-B:  Fraser Filter Profile 
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Figure 9:     NAA Line 9W-A Raw Data Profile 

 

 

 

 

Figure 10:   NAA Line 9W-B:  Fraser Filter Profile 
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Figure 11:   NAA Line 11W-A:  Raw Data Profile  

 

 

 

Figure 12:   NAA Line 11W-B:  Fraser Filter Profile 
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Figure 13:   NAA Line 13W-A:  Raw Data Profile  

 

 

 

Figure 14:   NAA Line 13W-B:  Fraser Filter Profile 
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Figure 15:   NAA Line 15W-A:  Raw Data Profile 

 

 

 

 

Figure 16:   NAA Line 15W-B Fraser Filter Profile 
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Discussion of Results 

 The VLF data for transmitter NAA was plotted as Raw Data and Fraser Filter Profiles. The 

Fraser Filter peaks were the basis for the VLF anomaly trends. 

 A summary of VLF anomalies for TX-NAA for each VLF line are listed in Tables 2 through 

9. These tables include the UTM of each anomaly and station location of each anomaly 

identifier. 

 All NAA VLF Conductors are shown on google image in Figure 16. 

 Fraser Filter contours of In-Phase peaks across the VLF grid are shown in Figure D. 

 Fraser Filter contours of the Quadrature peaks are shown in Figure E. 

 A 3D shadow contour map of the In-Phase peaks is displayed in Figure F. 

 A 3D shadow contour map of the Quadrature peaks is displayed in Figure G. 
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Table 2 VLF Interpretation Table Line 1W TX NAA 

Transmitter NAA- Cutler, Maine 24.0 Hz. 
Line 1W 

UTM Location Line Location VLF Anomaly Symbol 

685739     5352937 0+60N 1W NAA-A 

685751     5353060 1+80N 1W NAA-B 

685748     5353139 2+60N 1W NAA-C 

685743     5353218 3+40N 1W NAA-D 

685741     5353337 4+60N 1W NAA-E 

685733     5353462 5+80N 1W NAA-F 

685724     5353619 7+40N  1W NAA-G 

685722     5353701 8+20N 1W NAA-H 

685715     5353817 9+40N 1W  NAA-I 

686708     5353896 10+20N 1W NAA-J 

686707     5353995 11+20N 1W NAA-K 

685701    5354135 12+60N 1W NAA-L 

 

 

 

Table 3 VLF Interpretation Table Line 3W TX NAA 

Transmitter NAA- Cutler, Maine 24.0 
Line 3W 

 

  

UTM Location Line Location VLF Anomaly Symbol 

685552     5352985 1+00N 3W NAA-A 

685548     5353049 1+60N 3W NAA-B 

685542     5353109 2+20N 3W NAA-C 

685544     5353229 3+40N 3W NAA-D 

685559     5353331 4+40N 3W NAA-E 

685563     5353444 5+60N 3W NAA-F 

685549     5353603 7+20N 3W NAA-G 

685548      5353682 8+00N 3W NAA-H 

685527     5353784 9+00N 3W NAA-I 

685523     5353844 9+60N 3W NAA-J 

685510     5353925 10+40N 3W NAA-K 

685485     5354045 11+60N 3W NAA-L 

685494     5354145 12+60N 3W NAA-M 
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Table 4 VLF Interpretation Table Line 5W TX NAA 

Transmitter NAA- Cutler, Maine 24.0 
Line 5W 

UTM Location Line Location VLF Anomaly Symbol 

685342     5353048 1+20N 5W NAA-A 

685341     5353127 2+00N 5W NAA-B 

685324     5353211 2+80N 5W NAA-C 

685329     5353308 3+80N 5W NAA-D 

685330     5353368 4+40N 5W NAA-E 

685334     5353487 5+60N 5W NAA-F 

685330     5353547 6+20N 5W NAA-G 

685323     5353627 7+00N 5W NAA-H 

685319     5353730 8+00N 5W NAA-I 

685312     5353787 8+60N 5W NAA-J 

685308     5353886 9+60N 5W NAA-K 

685301     5354026 11+00N 5W NAA-L 

685289     5354120 12+00N 5W NAA-M 

685280     5354185 12+60N 5W NAA-N 

 

 

Table 5 VLF Interpretation Table Line 7W TX NAA 

Transmitter NAA- Cutler, Maine 24.0 
Line 7W 

UTM Location Line Location VLF Anomaly Symbol 

685136     5352994 1+00N 7W NAA-A 

685138     5353075 1+80N 7W NAA-B 

685140     5353215 3+20N 7W NAA-C 

685136     5353271 3+80N 7W NAA-D 

685110     5353515 6+20N 7W NAA-E 

685115     5353655 7+60N 7W NAA-F 

685121     5353733 8+40N 7W NAA-G 

685111     5353848 9+60N 7W NAA-H 

685114     5353930 10+40N 7W NAA-I 

685099     5354109 12+20N 7W NAA-J 
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Table 6 VLF Interpretation Table Line 9W TX NAA 

 

Transmitter NAA- Cutler, Maine 24.0 
Line 9W 

UTM Location Line Location VLF Anomaly Symbol 

684952     5353022 1+20N 9W NAA-A 

684934     5353180 2+80N 9W NAA-B 

684938     5353282 3+80N 9W NAA-C 

684929     5353422 5+20N 9W NAA-D 

684923     5353557 6+60N 9W NAA-E 

684921     5353783 8+80N 9W NAA-F 

684923     5353861 9+60N 9W NAA-G 

684911     5353960 10+60N 9W NAA-H 

684901     5354062 11+60N 9W NAA-I 

684893     5354121 12+20N 9W NAA-J 

 
 

 

Table 7 VLF Interpretation Table Line 11W TX NAA 

 

Transmitter NAA- Cutler, Maine 24.0 
Line 11W 

UTM Location Line Location VLF Anomaly Symbol 

684769     5352983 0+80N 11W NAA-A 

684787     5353065 1+60N 11W NAA-B 

684786     5353208 3+00N 11W NAA-C 

684782     5353247 3+40N 11W NAA-D 

684780     5353324 4+20N 11W NAA-E 

684783     5353423 5+20N 11W NAA-F 

684773     5353423 6+00N 11W NAA-G 

684766     5353603 7+00N 11W NAA-H 

684759     5353840 9+40N 11W NAA-I 

684751     5354024 11+20N 11W NAA-J 
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Table 8 VLF Interpretation Table Line 13W TX NAA 

 

Transmitter NAA- Cutler, Maine 24.0KHz 
Line 13W 

UTM Location Line Location VLF Anomaly Symbol 

684594     5353056 1+40N 13W NAA-A 

684586     5353154 2+40N 13W NAA-B 

684581     5353276 3+60N 13W NAA-C 

684580     5353354 4+40N 13W NAA-D 

684579     5353434 5+20N 13W NAA-E 

684579     5353492 5+80N 13W NAA-F 

684573     5353555 6+40N 13W NAA-G 

 
 

 

Table 9 VLF Interpretation Table Line 15W TX NML 

 

Transmitter NAA- Cutler, Maine 24.0Khz 
Line 15W 

UTM Location Line Location VLF Anomaly Symbol 

684392     5352973 0+60N 15W NAA-A 

684390     5353052 1+40N 15W NAA-B 

684387     5353190 2+80N 15W NAA-C 

684385     5353251 3+40N 15W NAA-D 

684383     5353369 4+60N 15W NAA-E 

684370     5353529 6+20N 15W NAA-F 
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Figure 17:  VLF NAA Anomaly Picks 
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Figure D:  NAA In-Phase Fraser Filter Contours 
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Figure E:  NAA Quadrature Fraser Filter Contours 
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Figure F:  NAA In-Phase Fraser Filter 3D Image With Anomaly Trends 
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Figure G:  NAA Quadrature Fraser Filter 3D Image With Anomaly Trends 
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Conclusions     

Refer to Figures 16, C, D, E, F, G 

The Ground VLF EM-16 Survey was successful in outlining:  

a) Several VLF trends across claim 4276606, interpreted between the 200 meter lines. 

b) It is difficult to join the VLF conductor picks (Figure 16) across the grid, with a line 

spacing of 200 meters and no geological information. 

c) A strong VLF conductor on lines 7W, 9W and 11W located within a low lying area that 

has a small lake. 

d) A weak VLF conductor on Line 1W and 3W might be the eastern strike extension of VLF 

conductor in C. 

e) Based on the contour maps of the Fraser Filtered peaks, there are several weak VLF 

conductors that trend across the grid in the northern and southern sections of the VLF 

grid. 

f) The use of transmitter NAA was useful to obtain good coupling for an east /west 

geological strike. 

g) The processing of raw VLF data using the VLF2D Software program to delineate Fraser 

Filter peaks of both In-Phase and Quadrature was successful. 

Recommendations 

 Ground proofing and prospecting of priority VLF anomalies should be followed up on to 

determine if these anomalies are related to mineralization, fault zones, structural 

contacts or overburden response.  The priority VLF anomalies are highlighted in yellow 

on the VLF Interpretation tables for each VLF line. 

 

 Processing of VLF data for Transmitter NML which was obtained during the VLF survey 

on Claim 4276606. 
 

 Further modelling of the VLF data NAA using the VLF2DMF software to obtain KH 

Profiles, Resistivity profiles and VLF line models. Such modelling can assist in 

determining the type of VLF anomalies and the trends across the grid. 

 

 Further VLF surveying: 

o extend lines 13W and 15W to the north, to include stations up to 13+00N  

 

o VLF surveying of lines 2W, 4W, 6W, 8W, 10W, 12W & 14W to obtain more detail on 

the VLF trends found in the survey area. These infill lines will give more detail for 

interpretation and contouring of the Fraser Filter Peaks.
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